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1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2015-048890,
filed on Mar. 11, 2015, the entire contents of which are
incorporated herein by reference.

FIELD

Embodiments described herein relate generally to semi-
conductor devices.

BACKGROUND

A semiconductor device includes, for example, a contact
portion for electrically connecting a semiconductor layer
and a wiring layer or a contact portion for electrically
connecting wiring layers. The contact portion is obtained by
forming a contact hole. The contact hole is formed by
patterning of a photoresist by lithography and by etching of
insulating film using the patterned photoresist as a mask.

During the formation of the contact hole, when there is a
large step height difference in the surface of the insulating
film, it is difficult to form a contact hole in a lower step
portion and a contact hole in an upper step portion at the
same time. When the sizes of the contact holes are small, it
is more difficult to form the contact holes.

It is difficult to form the contact holes because the step
height difference in the surface of the insulating film may
exceeds a focus margin of a lithography tool. When the step
height difference in the surface of the insulating film is
greater than the focus margin of the lithography tool, a size
of the contact hole may differ from the design values or the
contact hole my not be opened.

When the size of the contact hole is not equal to the design
values, a contact failure, such as a variation in contact
resistance or an increase in contact resistance, occurs. In
addition, when the contact hole is not opened, a contact
failure, such as the disconnection between wiring lines,
occurs. The contact failure causes the degradation of the
characteristics of the semiconductor device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are diagrams schematically illustrating
a main portion of a semiconductor device according to a first
embodiment.

FIG. 2 is a cross-sectional view schematically illustrating
the semiconductor device which is being manufactured in a
semiconductor device manufacturing method according to
the first embodiment.

FIG. 3 is a cross-sectional view schematically illustrating
the semiconductor device which is being manufactured in
the semiconductor device manufacturing method according
to the first embodiment.

FIG. 4 is a cross-sectional view schematically illustrating
the semiconductor device which is being manufactured in
the semiconductor device manufacturing method according
to the first embodiment.

FIG. 5 is a cross-sectional view schematically illustrating
the semiconductor device which is being manufactured in
the semiconductor device manufacturing method according
to the first embodiment.
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FIG. 6 is a cross-sectional view schematically illustrating
the semiconductor device which is being manufactured in
the semiconductor device manufacturing method according
to the first embodiment.

FIG. 7 is a diagram schematically illustrating a main
portion of a semiconductor device according to the second
embodiment.

FIG. 8 is a cross-sectional view schematically illustrating
the semiconductor device which is being manufactured in a
semiconductor device manufacturing method according to a
second embodiment.

FIG. 9 is a cross-sectional view schematically illustrating
the semiconductor device which is being manufactured in
the semiconductor device manufacturing method according
to the second embodiment.

FIG. 10 is a plan view illustrating the pattern of contact
portions according to a first modification of the second
embodiment.

FIG. 11 is a plan view illustrating the pattern of contact
portions according to a second modification of the second
embodiment.

FIG. 12 is a plan view illustrating the pattern of contact
portions according to a third modification of the second
embodiment.

FIG. 13 is a diagram schematically illustrating a main
portion of a semiconductor device according to a third
embodiment.

FIG. 14 is a diagram schematically illustrating a main
portion of a semiconductor device according to a fourth
embodiment.

FIG. 15 is a cross-sectional view schematically illustrat-
ing the semiconductor device which is being manufactured
in a semiconductor device manufacturing method according
to the fourth embodiment.

FIG. 16 is a cross-sectional view schematically illustrat-
ing the semiconductor device which is being manufactured
in the semiconductor device manufacturing method accord-
ing to the fourth embodiment.

FIG. 17 is a cross-sectional view schematically illustrat-
ing the semiconductor device which is being manufactured
in the semiconductor device manufacturing method accord-
ing to the fourth embodiment.

FIG. 18 is a diagram schematically illustrating a main
portion of a semiconductor device according to a fifth
embodiment.

DETAILED DESCRIPTION

A semiconductor device according to an embodiment
includes a semiconductor layer, a first insulating film pro-
vided on the semiconductor layer, a first conductive layer
provided on the first insulating film, a second insulating film
provided on the semiconductor layer and the first conductive
layer, a second conductive layer provided on the second
insulating film, a first contact portion connecting the semi-
conductor layer and the second conductive layer, and a
second contact portion connecting the first conductive layer
and the second conductive layer. A distance between the
semiconductor layer and an upper portion of the second
insulating film which is adjacent to the second contact
portion is greater than a distance between the semiconductor
layer and an upper portion of the second insulating film
which is adjacent to the first contact portion. The second
contact portion has a larger width than the first contact
portion.

Hereinafter, embodiments of the invention will be
described with reference to the drawings. In the following
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description, for example, the same members are denoted by
the same reference numerals and the description thereof will
not be repeated.

In the specification, the notation of an “n* type”, an “n
type”, and an “n” type” means that an n-type impurity
concentration is reduced in the order of the n* type, the n
type, and the n~ type. In addition, the notation of a “p* type”,
a “p type”, and a “p type” means that a p-type impurity
concentration is reduced in the order of the p* type, the p
type, and the p~ type.

(First Embodiment)

A semiconductor device according to this embodiment
includes a semiconductor layer, a first insulating film pro-
vided on the semiconductor layer, a first conductive layer
provided on the first insulating film, a second insulating film
provided on the semiconductor layer and the first conductive
layer, a second conductive layer provided on the second
insulating film, a first contact portion connecting the semi-
conductor layer and the second conductive layer, and a
second contact portion connecting the first conductive layer
and the second conductive layer. A distance between the
semiconductor layer and an upper portion of the second
insulating film which is adjacent to the second contact
portion is greater than a distance between the semiconductor
layer and an upper portion of the second insulating film
which is adjacent to the first contact portion. The second
contact portion has a larger width than the first contact
portion.

FIGS. 1A and 1B are diagrams schematically illustrating
the inside of a cell which is a main portion of the semicon-
ductor device according to this embodiment and in which a
trench is formed. FIG. 1A is a cross-sectional view sche-
matically illustrating the main portion and FIG. 1B is a plan
view illustrating the pattern of contact portions illustrated in
FIG. 1A. FIG. 1A corresponds to a cross section taken along
the line AA' of FIG. 1B. For example, a bonding pad for
electrically connecting the cell and the outside may be
formed in the outer circumference of the cell. For example,
a termination portion for ensuring a breakdown voltage may
be formed in the outer circumference of the cell.

The semiconductor device according to this embodiment
is an insulated gate bipolar transistor (IGBT) having a trench
structure. The semiconductor device according to this
embodiment is an injection enhanced gate transistor (IEGT)
having a structure in which the density of carriers stored in
an n-type base in an on state increases on the emitter side.

An IGBT 100 according to this embodiment includes a
collector electrode 10, a p* collector layer 12, an n~ base
layer 14, a p-type base layer 16, a p-type floating layer 18,
a gate electrode 20, a dummy gate electrode 22, an n* emitter
layer 24, an emitter electrode (second conductive layer) 26,
and an insulating film (first insulating film) 28. The p-type
base layer 16 and the n* emitter layer 24 are an example of
a semiconductor layer.

In addition, the IGBT 100 includes a dummy gate wiring
layer (first conductive layer) 30 and an interlayer insulating
film (second insulating film) 32. The IGBT 100 further
includes a first contact portion (first opening) 50, a second
contact portion (second opening) 52, and a contact plug 54.

The p* collector layer 12, the n~ base layer 14, the p-type
base layer 16, and the p-type floating layer 18 are made of,
for example, single-crystal silicon (Si). In each of these
layers, p-type impurities are, for example, B (boron) and
n-type impurities are, for example, phosphorus (P) or arsenic
(As).
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The collector electrode 10 has, for example, a stacked
structure of metal layers including Al, Ti, Ni, and Au layers.
The p* collector layer 12 is provided on the collector
electrode 10.

The n~ base layer 14 is provided on the p* collector layer
12. The n~ base layer 14 functions as a drift layer of the
IGBT 100.

The p-type base layer 16 is provided on the n~ base layer
14. In addition, the p-type floating layer 18 is provided on
the n~ base layer 14. The p-type floating layer 18 is elec-
trically insulated from the surroundings.

The IGBT 100 includes the gate electrode 20 which is
provided such that the insulating film (first insulating film)
28 is interposed between the gate electrode 20, and the n~
base layer 14 and the p-type base layer 16. In addition, the
IGBT 100 includes the dummy gate electrode 22 which is
provided such that the insulating film 28 is interposed
between the dummy gate electrode 22, and the n™ base layer
14 and the p-type floating layer 18. The insulating film 28
between the gate electrode 20 and the p-type base layer 16
functions as a gate insulating film.

In the IGBT 100, a metal oxide semiconductor field effect
transistor (MOSFET) structure in which the n* emitter layer
24 is a source, the n~ base layer 14 is a drain, the p-type base
layer 16 is a base, the insulating film 28 is a gate insulating
film, and the gate electrode 20 is gate is formed.

The gate electrode 20 and the dummy gate electrode 22
are made of, for example, polycrystalline silicon including
n-type impurities. The insulating film 28 is, for example, a
silicon oxide film.

The gate electrode 20 has a function of controlling the
formation of a channel in the p-type base layer 16. The
dummy gate electrode 22 has a function of preventing a
change in the potential of the p-type floating layer 18 from
affecting the potential of the gate electrode 20. The dummy
gate electrode 22 has the same potential as the emitter
electrode 26.

The n* emitter layer 24 is selectively provided in the
surface of the p-type base layer 16. The n-type impurity
concentration of the n* emitter layer 24 is higher than that
of the n~ base layer 14.

The dummy gate wiring layer 30 is provided on the
insulating film 28 on the p-type floating layer 18. The
dummy gate wiring layer 30 is physically and electrically
connected to the dummy gate electrode 22. The dummy gate
wiring layer 30 supplies the same potential as that of the
emitter electrode 26 to the dummy gate electrode 22.

The interlayer insulating film (second insulating film) 32
is provided on the p-type base layer 16, the p-type floating
layer 18, the gate electrode 20, the dummy gate electrode 22,
and the dummy gate wiring layer 30. The interlayer insu-
lating film 32 is, for example, a silicon oxide film.

The emitter electrode 26 is provided on the interlayer
insulating film 32. The first contact portion 50 is provided in
the interlayer insulating film 32. The first contact portion 50
is provided in order to connect the p-type base layer (semi-
conductor layer) 16 and the n* emitter layer (semiconductor
layer) 24 to the emitter electrode (second conductive layer)
26.

The contact plug 54 is provided in the first contact portion
50. The first contact portion 50 is filled with the contact plug
54. The contact plug 54 is made of a material different from
that forming the emitter electrode 26.

The contact plug 54 is, for example, metal. The contact
plug 54 is, for example, metal including tungsten (W). A
barrier metal may be provided between the tungsten, and the
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p-type base layer 16 and the n* emitter layer 24. The barrier
metal is, for example, a stacked film of titanium (Ti) and
titanium nitride (TiN).

The second contact portion 52 is provided in the interlayer
insulating film 32. The second contact portion 52 is provided
in order to connect the dummy gate wiring layer (first
conductive layer) 30 to the emitter electrode (second con-
ductive layer) 26. The emitter electrode 26 comes into
contact with the dummy gate wiring layer 30 on the side of
the second contact portion 52 close to the dummy gate
wiring layer 30. A barrier metal may be provided between
the dummy gate wiring layer (first conductive layer) 30 and
the emitter electrode (second conductive layer) 26. The
barrier metal is, for example, a stacked film of titanium (T1)
and titanium nitride (TiN).

The emitter electrode 26 is, for example, a metal elec-
trode. The emitter electrode 26 is made of, for example,
metal including aluminum (Al). The emitter electrode 26
may include, for example, a barrier metal. The barrier metal
is, for example, a stacked film of titanium (T1) and titanium
nitride (TiN). When the emitter electrode 26 includes the
barrier metal, the dummy gate wiring layer (first conductive
layer) 30 is contacted with the emitter electrode (second
conductive layer) 26 by the barrier metal.

The emitter electrode 26 has, for example, a stacked
structure of aluminum (Al) including silicon (Si) and nickel
(Ni) or a stacked structure of titanium (T1), titanium nitride
(TiN), aluminum (Al) including silicon (Si), and nickel (Ni).

A distance (d, in FIG. 1A) from the p-type base layer
(semiconductor layer) 16 and the n* emitter layer (semicon-
ductor layer) 24 to an upper portion of the interlayer
insulating film (second insulating film) which is adjacent to
the first contact portion 50 is less than a distance (d, in FIG.
1A) from the p-type base layer (semiconductor layer) 16 and
the n* emitter layer (semiconductor layer) 24 to an upper
portion of the interlayer insulating film (second insulating
film) which is adjacent to the second contact portion 52. In
other words, a step is formed on the surface of the interlayer
insulating film 32. The first contact portion 50 is formed in
a lower region of the step and the second contact portion 52
is formed in an upper region of the step.

The step on the surface of the interlayer insulating film 32
is formed due to the dummy gate wiring layer 30. The step
on the surface of the interlayer insulating film 32 has a value
that is, for example, equal to or greater than 1.0 pm and
equal to or less than 2 pm.

The width (w; in FIGS. 1A and 1B) of the first contact
portion (first opening) 50 is less than the width (w, in FIGS.
1A and 1B) of the second contact portion (second opening)
52. Although the shape of the first contact portion 50 and the
second contact portion 52 shown in FIG. 1B is single
rectangular shape extending in Y direction, the shape may be
a plurality of divided shapes each having square shape,
rectangular shape, circular shape or ellipse shape, etc. In the
specification, the width of the contact portion (contact hole)
means the length of one side when the contact portion has a
square shape, the length of a short side when the contact
portion has a rectangular shape, a diameter when the contact
portion has a circular shape, and the length of the minor axis
when the contact portion has an elliptical shape, and the
shortest distance between two opposite edges (two sides)
when the contact portion has a polygonal shape or an
irregular shape.

The width of the contact portion is an index of a focus
margin for forming the pattern of contact holes in a lithog-
raphy process. When the same exposure device (lithography
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tool) and the same resist process are used, the focus margin
tends to increase as the width of the contact hole increases.

In this embodiment, the first contact portion 50 extends in
the Y direction. The width (w) of the first contact portion 50
is a distance between two edges of the first contact portion
50 which are opposite to each other in the X direction. The
second contact portion 52 extends in the Y direction. The
width (w,) of the second contact portion 52 is a distance
between two edges of the second contact portion 52 which
are opposite to each other in the X direction.

In this embodiment, the width (w,) of the first contact
portion 50 is, for example, equal to or greater than 0.1 pm
and equal to or less than 0.8 um. The width (w,) of the
second contact portion 52 is, for example, equal to or greater
than 1.0 um and equal to or less than 10 um. The width (w,)
of the second contact portion 52 is, for example, equal to or
greater than five or ten times the width (w,) of the first
contact portion 50.

Next, an example of a method for manufacturing the
semiconductor device according to this embodiment will be
described. FIGS. 2 to 6 are cross-sectional views schemati-
cally illustrating the method for manufacturing the semicon-
ductor device according to this embodiment.

A Si wafer which has a desired resistivity for the n~ base
layer 14 is used. First, the p-type base layer (semiconductor
layer) 16, the p-type floating layer 18, the gate electrode 20,
the dummy gate electrode 22, the n* emitter layer (semi-
conductor layer) 24, the insulating film (first insulating film)
28, the dummy gate wiring layer (first conductive layer) 30,
and the interlayer insulating film (second insulating film) 32
are formed by a known process technique (FIG. 2).

Then, a photoresist 34 is patterned by a lithography
method (FIG. 3). A first pattern 56 for forming the first
contact portion and a second pattern 58 for forming the
second contact portion are simultaneously formed by this
patterning process.

Then, etching is performed using the photoresist 34 as a
mask to form the first contact portion 50 and the second
contact portion 52. The etching is performed by, for
example, a reactive ion etching (RIE) method. Then, the
photoresist 34 is removed (FIG. 4).

Then, for example, a titanium film (not illustrated) and a
titanium nitride film (not illustrated) are deposited by a
sputtering method and a tungsten film 36 is deposited by a
chemical vapor deposition (CVD) method (FIG. 5).

Then, the tungsten film 36 is etched back to form the
contact plug 54 (FIG. 6). The tungsten film 36 is etched back
by, for example, isotropic etching and the tungsten film 36
does not remain in the second contact portion 52.

Then, an aluminum film including silicon is deposited on
the interlayer insulating film 32 and the contact plug 54 by
a sputtering method. Then, a surface passivation film (not
illustrated) is formed and a nickel film is deposited on the
aluminum film by a plating method. In this way, the emitter
electrode 26 is formed.

After the front surface structure is manufactured, the Si
wafer is ground to a desired thickness by a known manu-
facturing method. Then, the p* collector layer 12 is formed
on the rear surface and the collector electrode 10 is formed
on the surface of the p* collector layer 12 on the rear surface.
In this way, the IGBT 100 illustrated in FIG. 1 is manufac-
tured. In this embodiment, an n* base layer may be formed
between the p* collector layer 12 and the n~ base layer 14,
which is not illustrated in the drawings.

Next, the function and effect of the semiconductor device
according to this embodiment will be described.
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When there is a large level difference (step height differ-
ence) in the surface of the interlayer insulating film 32, it is
difficult to simultaneously form the first pattern 56 (FIG. 3)
for forming the first contact portion 50 which is at a lower
part of the step and the second pattern 58 (FIG. 3) for
forming the second contact portion 52 which is at an upper
part of the step. This is because the value of the step (step
height difference) in the surface is greater than the focus
margin (focusable range) capable of resolving the first
pattern 56 and the second pattern 58 at the same time.

In particularly, when the design rule of the cell is reduced
in order to increase the degree of integration of the IGBT
100, the width of the first contact portion 50 of the cell is
further reduced. When the width of the first contact portion
50 is further reduced, the focus margin which can resolve the
first pattern 56 and the second pattern 58 at the same time is
further reduced. Therefore, it is difficult to form the first
pattern 56 and the second pattern 58 at the same time.

When a failure occurs in the process of forming the first
pattern 56 and the second pattern 58 at the same time, the
dimensions of the contact portion may not be equal to the
design values or the contact portion may not be opened.
When the dimensions of the contact portion are not equal to
the design values, a contact failure, such as a variation in
contact resistance or an increase in contact resistance,
occurs. In addition, when the contact hole is not formed, a
contact failure, such as a disconnection between wiring
lines, occurs. The contact failure causes degradation of the
characteristics of the IGBT 100.

In the IGBT 100, the width (w,) of the second contact
portion 52 is greater than the width (w)) of the first contact
portion 50. Therefore, the focus margin which can resolve
the first pattern 56 and the second pattern 58 at the same time
increases. Thus, the dimensional deviation of the contact
portion or the non-opening of the contact portion is less
likely to occur. As a result, the contact failure of the IGBT
100 is reduced.

The width (w,) of the second contact portion 52 is
preferably equal to or greater than five times the width (w))
of the first contact portion 50 and more preferably equal to
or greater than ten times the width (w,) of the first contact
portion 50 in order to sufficiently ensure the focus margin
which can resolve the first pattern 56 and the second pattern
58 at the same time.

(Second Embodiment)

A semiconductor device according to this embodiment is
similar to the semiconductor device according to the first
embodiment except that it further includes a sidewall which
is provided in the second contact portion and is made of the
same material as the contact plug. Therefore, in this embodi-
ment, the description of the same components as those in the
first embodiment will not be repeated.

FIG. 7 is a diagram schematically illustrating a main
portion of the semiconductor device according to this
embodiment.

An IGBT 200 according to this embodiment includes a
sidewall 60 which is provided in a second contact portion
52. The sidewall 60 is made of the same material as a contact
plug 54 in a first contact portion 50. For example, when the
contact plug 54 is made of tungsten, the sidewall 60 is also
made of tungsten.

Next, an example of a method for manufacturing the
semiconductor device according to this embodiment will be
described. FIGS. 8 and 9 are cross-sectional views sche-
matically illustrating the method for manufacturing the
semiconductor device according to this embodiment.

10

15

20

25

30

35

40

45

50

55

60

65

8

The first contact portion 50 and the second contact portion
52 are formed. For example, a titanium film (not illustrated)
and a titanium nitride film (not illustrated) are deposited by
a sputtering method. Then, a tungsten film 36 is deposited by
a CVD method. This process is the same as that in the
manufacturing method according to the first embodiment
(FIG. 8).

Then, the tungsten film 36 is etched back to form the
contact plug 54. At the same time, the sidewall 60 is formed
in the second contact portion 52 (FIG. 9). The tungsten film
36 is etched back by, for example, an RIE method with
strong anisotropy and the tungsten film 36 remains as the
sidewall 60 in the second contact portion 52.

Then, an aluminum film including silicon is deposited on
an interlayer insulating film 32 and the contact plug 54 by a
sputtering method. Then, a surface passivation film (not
illustrated) is formed and a nickel film is deposited on the
aluminum film by a plating method. In this way, an emitter
electrode 26 is formed.

After the front surface structure is manufactured, the Si
wafer is ground to a desired thickness by a known manu-
facturing method. Then, a p* collector layer 12 is formed on
the rear surface and a collector electrode 10 is formed on the
surface of the p* collector layer 12 on the rear surface. In this
way, the IGBT 200 illustrated in FIG. 7 is manufactured.

Next, the function and effect of the semiconductor device
according to this embodiment will be described.

In the IGBT 200 according to this embodiment, similarly
to the first embodiment, the width (w,) of the second contact
portion 52 is greater than the width (w,) of the first contact
portion 50. Therefore, a contact failure is reduced, similarly
to the first embodiment.

In a contact having a relatively large opening portion,
such as the second contact portion 52, in some cases, a
failure occurs in a thermal cycle test (TCT) or a power cycle
test (PCT). This is because there is a large difference
between the linear expansion coeflicients of silicon in the
semiconductor layer and metal (for example, aluminum) in
the emitter electrode. A significantly large amount of stress
is applied to a contact with a large opening portion with a
large contact area with metal due to the difference between
the linear expansion coefficients.

Specifically, for example, it is assumed that the dummy
gate wiring layer (first conductive layer) 30 is made of
polycrystalline silicon and the emitter electrode (second
conductive layer) 26 is made of metal having aluminum as
a main component. Polycrystalline silicon and single-crystal
silicon have substantially the same linear expansion coeffi-
cient. In this case, during the thermal cycle test or the power
cycle test, strong stress is applied to the emitter electrode
(second conductive layer) 26 in the horizontal direction due
to the difference between the linear expansion coefficients of
silicon and polycrystalline silicon, and aluminum. In par-
ticularly, since the contact with a large opening portion is
provided, strong stress is applied in the horizontal direction.
As a result, a so-called Al slide phenomenon occurs due to
the stress applied to the emitter electrode 26 and, for
example, a crack occurs in aluminum, which results in the
opening or short circuit of a wiring line. Therefore, the
failure which occurs in the thermal cycle test or the power
cycle test causes a degradation in the reliability of a product.

In the IGBT 200, the sidewall 60 is provided in the second
contact portion 52. The material forming the sidewall 60
differs from the material forming the emitter electrode 26.

Since a so-called anchor effect occurs between the surface
of the sidewall 60 and the emitter electrode 26, the adhesion
between the surface of the sidewall 60 and the emitter
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electrode 26 increases. Therefore, the adhesion between the
emitter electrode (second conductive layer) 26 and the under
lying layers is improved and it is possible to prevent the Al
slide phenomenon in the contact portion. As a result, the
failure rate of the thermal cycle test or the power cycle test
is reduced. Therefore, the IGBT 200 with high reliability is
achieved.

It is considered that fine uneven portions are generated in
the surface of the sidewall 60 by etching during the forma-
tion of the sidewall 60 and the surface area of the sidewall
60 substantially increases, which causes the anchor effect
between the surface of the sidewall 60 and the emitter
electrode 26.

(First Modification)

FIG. 10 is a plan view illustrating the pattern of contact
portions in cells according to a first modification of this
embodiment. In this modification, a plurality of second
contact portions 52 are provided so as to be adjacent to each
other in the Y direction.

According to this modification, the perimeter of the
second contact portions 52 is greater than, for example, that
of the second contact portion 52 illustrated in FIG. 1B. As
a result, the contact area between the surface of the sidewall
60 and the emitter electrode 26 increases. The adhesion
between the emitter electrode 26 and the under lying layers
is further improved. Therefore, the IGBT 200 with high
reliability is achieved.

(Second Modification)

FIG. 11 is a plan view illustrating the pattern of contact
portions according to a second modification of this embodi-
ment. In this modification, the edge of a second contact
portion 52 has an uneven shape in the plane (XY plane)
parallel to the surface of the semiconductor layer.

According to this modification, the perimeter of the
second contact portion 52 is greater than, for example, that
of the second contact portion 52 illustrated in FIG. 1B. As
a result, the contact area between the surface of the sidewall
60 and the emitter electrode 26 increases. The adhesion
between the emitter electrode 26 and the under lying layers
is further improved. Therefore, the IGBT 200 with high
reliability is achieved.

(Third Modification)

FIG. 12 is a plan view illustrating the pattern of contact
portions according to a third modification of this embodi-
ment. In this modification, the edge of a second contact
portion 52 has a wavy shape in the plane (XY plane) parallel
to the surface of the semiconductor layer.

According to this modification, the perimeter of the
second contact portion 52 is greater than, for example, that
of the second contact portion 52 illustrated in FIG. 1B. As
a result, the contact area between the surface of the sidewall
60 and the emitter electrode 26 increases. The adhesion
between the emitter electrode 26 and the under lying layers
is further improved. Therefore, the IGBT 200 with high
reliability is achieved.

According to this embodiment, similarly to the first
embodiment, the contact failure of the IGBT 200 is reduced.
In addition, since the sidewall 60 is provided, the degrada-
tion of the reliability of the IGBT 200 is reduced. According
to the modification of this embodiment, the perimeter of the
second contact portion 52 increases and the degradation of
the reliability of the IGBT 200 is reduced.

(Third Embodiment)

A semiconductor device according to this embodiment
differs from the semiconductor device according to the
second embodiment in that it includes a second conductive
layer and a third conductive layer which are physically
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independent. Hereinafter, the description of the same com-
ponents as those in the second embodiment will not be
repeated.

FIG. 13 is a diagram schematically illustrating a main
portion of the semiconductor device according to this
embodiment.

An IGBT 300 according to this embodiment includes a
gate wiring layer (first conductive layer) 44, instead of the
dummy gate wiring layer 30 according to the second
embodiment. In addition, the IGBT 300 includes an emitter
electrode (second conductive layer) 26 and a gate wiring
electrode (third conductive layer) 46 which are provided on
an interlayer insulating film (second insulating film) 32.

A first contact portion 50 is provided in order to connect
a p-type base layer (semiconductor layer) 16 and an n*
emitter layer (semiconductor layer) 24 to the emitter elec-
trode (second conductive layer) 26. A second contact portion
52 is provided in order to connect the gate wiring layer (first
conductive layer) 44 to the gate wiring electrode (third
conductive layer) 46. The gate wiring layer 44 is physically
and electrically independent of the dummy gate electrode
22. For example, the same potential as that of a gate
electrode 20 is applied to the gate wiring layer 44.

According to this embodiment, similarly to the second
embodiment, since a sidewall 60 is provided, the degrada-
tion of the reliability of the IGBT 300 is reduced.

(Fourth Embodiment)

A semiconductor device according to this embodiment is
similar to the semiconductor device according to the second
embodiment except that a distance between a semiconductor
layer and an upper portion of an interlayer insulating film
(second insulating film) which is adjacent to a first contact
portion is substantially equal to a distance between the
semiconductor layer and an upper portion of the interlayer
insulating film (second insulating film) which is adjacent to
a second contact portion. Therefore, the description of the
same components as those in the second embodiment will
not be repeated.

FIG. 14 is a diagram schematically illustrating a main
portion of the semiconductor device according to this
embodiment.

In an IGBT 400 according to this embodiment, a distance
between a p-type base layer (semiconductor layer) 16 and an
n* emitter layer (semiconductor layer) 24, and an upper
portion of an interlayer insulating film (second insulating
film) 32 which is adjacent to a first contact portion 50 is
substantially equal to a distance between the p-type base
layer (semiconductor layer) 16 and the n* emitter layer
(semiconductor layer) 24, and an upper portion of the
interlayer insulating film (second insulating film) 32 which
is adjacent to a second contact portion 52. In other words,
there is no level difference in the surface of the interlayer
insulating film 32 and the surface of the interlayer insulating
film 32 is flat.

Next, an example of a method for manufacturing the
semiconductor device according to this embodiment will be
described. FIGS. 15, 16, and 17 are cross-sectional views
schematically illustrating the method for manufacturing the
semiconductor device according to this embodiment.

A Si watfer which has a desired resistivity for an n~ base
layer 14 is used. The p-type base layer 16, a p-type floating
layer 18, a gate electrode 20, a dummy gate electrode 22, the
n* emitter layer (semiconductor layer) 24, an insulating film
(first insulating film) 28, a dummy gate wiring layer (first
conductive layer) 30, and the interlayer insulating film
(second insulating film) 32 are formed by a known process
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technique. This process is the same as that in the manufac-
turing method according to the first embodiment.

Then, the surface of the interlayer insulating film 32 is
planarized by, for example, a chemical mechanical polishing
(CMP) method (FIG. 15).

Then, a photoresist 34 is patterned by a lithography
method (FIG. 16). A first pattern 56 for forming the first
contact portion and a second pattern 58 for forming the
second contact portion are simultaneously formed by this
patterning process.

Then, etching is performed using the photoresist 34 as a
mask to form the first contact portion 50 and the second
contact portion 52. The etching is performed by, for
example, an RIE method. Then, the photoresist 34 is
removed (FIG. 17).

Then, a contact plug 54, a sidewall 60, an emitter elec-
trode 26, and a collector electrode 10 are formed by the same
method as that in the second embodiment. In this way, the
IGBT 400 illustrated in FIG. 14 is manufactured.

According to this embodiment, similarly to the second
embodiment, since the sidewall 60 is provided, the degra-
dation of the reliability of the IGBT 400 is reduced.

(Fifth Embodiment)

A semiconductor device according to this embodiment
differs from the semiconductor device according to the
fourth embodiment in that it includes a second conductive
layer and a third conductive layer which are physically
independent. Hereinafter, the description of the same com-
ponents as those in the fourth embodiment will not be
repeated.

FIG. 18 is a diagram schematically illustrating a main
portion of the semiconductor device according to this
embodiment.

An IGBT 500 according to this embodiment includes a
gate wiring layer (first conductive layer) 44, instead of the
dummy gate wiring layer 30 according to the fourth embodi-
ment. In addition, the IGBT 500 includes an emitter elec-
trode (second conductive layer) 26 and a gate wiring elec-
trode (third conductive layer) 46 which are provided on an
interlayer insulating film (second insulating film) 32.

A first contact portion 50 is provided in order to connect
a p-type base layer (semiconductor layer) 16 and an n*
emitter layer (semiconductor layer) 24 to the emitter elec-
trode (second conductive layer) 26. A second contact portion
52 is provided in order to connect the gate wiring layer (first
conductive layer) 44 to a gate wiring electrode (third con-
ductive layer) 46. The gate wiring layer 44 is physically and
electrically independent of a dummy gate electrode 22. For
example, the same potential as that of a gate electrode 20 is
applied to the gate wiring layer 44.

According to this embodiment, similarly to the second
embodiment, since a sidewall 60 is provided, the degrada-
tion of the reliability of the IGBT 500 is reduced.

In this embodiment, the gate wiring layer 44 is provided
in a cell in which a trench is formed. However, this embodi-
ment can also be applied to a gate wiring layer which is
provided in the periphery of a chip and is connected to a
bonding pad. In this case, a contact of a gate line may be a
plurality of contacts with a rectangular shape, a contact with
an uneven shape, or a contact with a wavy shape, as the
second contacts illustrated in FIGS. 10 to 12.

In the first to fifth embodiments, the IGBT is given as an
example of the semiconductor device. However, the inven-
tion can also be applied to other semiconductor devices such
as MOSFETs.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
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and are not intended to limit the scope of the inventions.
Indeed, the semiconductor device described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
devices and methods described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

What is claimed is:

1. A semiconductor device comprising:

a semiconductor layer;

a first insulating film provided on the semiconductor
layer;

a first conductive layer provided on the first insulating
film, the first conductive layer extending in a first
direction;

a second insulating film provided on the semiconductor
layer and the first conductive layer;

a second conductive layer provided on the second insu-
lating film;

a first contact portion connecting the semiconductor layer
and the second conductive layer;

at least one second contact portion connecting the first
conductive layer and the second conductive layer, a
length of the at least one second contact portion in the
first direction is larger than a width of the at least one
second contact portion in a second direction perpen-
dicular to the first direction, the width of the at least one
second contact portion being larger than a width of the
first contact portion in the second direction;

a contact plug provided at the first contact portion and
made of a material different from a material forming the
second conductive layer; and

a sidewall provided at the at least one second contact
portion and made of the same material as the contact
plug, the sidewall extending in the first direction,

wherein a distance between the semiconductor layer and
an upper portion of the second insulating film adjacent
to the at least one second contact portion is greater than
a distance between the semiconductor layer and an
upper portion of the second insulating film adjacent to
the first contact portion, and

the second conductive layer directly contacts the first
conductive layer.

2. The device according to claim 1,

wherein the first conductive layer includes polycrystalline
silicon,

the contact plug includes tungsten (W), and

the second conductive layer includes aluminum (Al).

3. The device according to claim 1,

wherein the at least one second contact portion includes a
plurality of second contact portions, and the second
contact portions are provided so as to be adjacent to
each other.

4. The device according to claim 1,

wherein an edge of the at least one second contact portion
has an uneven shape in a plane parallel to a surface of
the semiconductor layer.

5. The device according to claim 1,

wherein an edge of the at least one second contact portion
has a wavy shape in a plane parallel to a surface of the
semiconductor layer.

6. A semiconductor device comprising:

a semiconductor layer;

a first insulating film provided on the semiconductor
layer;
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a first conductive layer provided on the first insulating
film, the first conductive layer extending in a first
direction;

a second insulating film provided on the semiconductor
layer;

a third insulating film provided on the first conductive
layer;

a second conductive layer provided on the second insu-
lating film;

a third conductive layer provided on the third insulating
film;

a first contact portion connecting the semiconductor layer
and the second conductive layer;

at least one second contact portion connecting the first
conductive layer and the third conductive layer, a
length of the at least one second contact portion in the
first direction is larger than a width of the at least one
second contact portion in a second direction perpen-
dicular to the first direction, the width of the at least one
second contact portion being larger than a width of the
first contact portion in the second direction;

a contact plug provided at the first contact portion and
made of a material different from materials forming the
second conductive layer and the third conductive layer;
and

a sidewall provided at the at least one second contact
portion and made of the same material as the contact
plug, the sidewall extending in the first direction,

wherein the third conductive layer directly contacts the
first conductive layer.

7. The device according to claim 6,

wherein the first conductive layer includes polycrystalline
silicon,

the contact plug includes tungsten (W), and

the second conductive layer and the third conductive layer
include aluminum (Al).

8. The device according to claim 6,

wherein the at least one second contact portion includes a
plurality of second contact portions, the second contact
portions are provided so as to be adjacent to each other.

9. The device according to claim 6,

wherein an edge of the at least one second contact portion
has an uneven shape in a plane parallel to a surface of
the semiconductor layer.

10. The device according to claim 6,

wherein an edge of the at least one second contact portion
has a wavy shape in a plane parallel to a surface of the
semiconductor layer.
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11. The device according to claim 6,

wherein a distance between the semiconductor layer and
an upper portion of the third insulating film adjacent to
the at least one second contact portion is greater than a
distance between the semiconductor layer and an upper
portion of the second insulating film adjacent to the first
contact portion.

12. A semiconductor device comprising:

a semiconductor layer;

a first insulating film provided on the semiconductor
layer;

a first conductive layer provided on the first insulating
film, the first conductive layer extending in a first
direction;

a second insulating film provided on the semiconductor
layer and the first conductive layer, the second insulat-
ing film having a first opening and a second opening, a
length of the second opening in the first direction is
larger than a width of the second opening in a second
direction perpendicular to the first direction, the width
of the second opening being larger than a width of the
first opening in the second direction;

a second conductive layer provided on the second insu-
lating film;

a first conducting member provided in the first opening,
the first conducting member connecting the semicon-
ductor layer and the second conductive layer;

a second conducting member provided in the second
opening, the second conducting member connecting the
first conductive layer and the second conductive layer;
and

a sidewall provided at the second opening, the sidewall
being made of the same material as the first conducting
member, the sidewall extending in the first direction,

wherein a distance between the semiconductor layer and
an upper portion of the second insulating film adjacent
to the second opening is greater than a distance
between the semiconductor layer and an upper portion
of the second insulating film adjacent to the first
opening,

the first conducting member is made of different material
from the second conductive member, and

the second conducting member directly contacts the first
conductive layer.

#* #* #* #* #*



